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Abstract 
Drilling commenced in the Bjarnarflag field of the Námafjall high temperature area in 1963. The first wells were 
shallow and some were destroyed in the Krafla Fires (1975 to 1984). At present six production wells are available in 
the area for a proposed 45 MWe power plant, and more wells will be drilled in the near future. The well fluid has low 
mineral and gas contents and is well suited for a power plant. 
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1. Introduction 
Drilling in the Námafjall high temperature field, North Iceland, started in the early 1950’s (Fig. 1). In 
the beginning, boreholes were drilled for the possible production of sulphur, which turned out to be 
unsuccessful. The boreholes were located in the eastern part of Námafjall, in Hverir (Hverarönd) field. 
From 1963 to 1970 nine steam boreholes were drilled for a diatomite plant and a 3 MWe pilot power 
plant. All boreholes drilled since 1963 have been located in the Bjarnarflag field of Námafjall. In 1975 the 
deepest well so far was drilled to a depth of 1809 m. At the same time an eruption and dilation events 
started within the Krafla central volcano (the Krafla Fires) and lasted with intervals for the next nine 
years. During the volcanic events several wells in Námafjall were destroyed. In 1979 and 1980 two make 
up wells were drilled to a depth of about 2000 m, in order to provide steam for the diatomite and power 
plants as well as for the heat exchangers of the central heating system and to provide hot water for the 
Reykjahlíð village and neighbouring farms as well as the Mývatn Nature Baths. Since 2006 three 
 
* Corresponding author. Tel.: +354-528-1500; fax: +354 528-1699. 
E-mail address: magnus.olafsson@isor.is. 
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier B.V.
Selection and/or peer-review under responsibility of the Organizing and Scientific Committee of WRI 14 – 2013
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
641 Magnús Ólafsson and Halldór Ármannsson /  Procedia Earth and Planetary Science  7 ( 2013 )  640 – 643 
additional boreholes have been drilled directionally, the deepest one to 2690 m, to provide steam for a 
proposed 45 MWe power plant to be built by Landsvirkjun (The National Power Company) with a 
possible expansion to 90 MWe [1, and references therein]. 
2 Deep liquid composition and fluid origin 
The chemical composition of fluids from producing boreholes in Bjarnarflag has been monitored since 
they started to flow. Some of the data presented has been described, e.g., in a report by Ármannsson 1993 
[2] which also discusses previous evaluation of data from boreholes drilled prior to 1978. Temperature 
logs show a reservoir temperature as high as 300°C and the wells have an enthalpy ranging from 1600 to 
2400 kJ/kg. The reservoir fluid composition, calculated at equilibrium with quartz (Tqz) [3] of 
representative samples from seven boreholes in Bjarnarflag is shown in Table 1. In general the 
geothermal fluid is dilute with total dissolved solids in the deep reservoir ranging from 700 to 1300 
mg/kg and pH between 7 and 8. Chloride (30 to 210 mg/kg) and sulphate (5 to 50 mg/kg) are the main 
anion species and sodium the main cation (80 to 200 mg/kg). The concentration of gas is low, varying 
from 0.1 to 0.6 wt-% as shown in Fig. 2. Isotopic data from steam boreholes is shown in Fig. 3 with links 
between water phase and steam phase. The data shows oxygen isotope shift inferring the influence of 
alteration processes between fluid and the reservoir rocks. Based on isotopic results it has been 
demonstrated that the geothermal water in Bjarnarflag is of different origin than the local groundwater in 
the area [4]. The geothermal water is believed to have its origin as a precipitation at high elevations in the 
vicinity of the Vatnajökull glacier, some 100 km south of Námafjall. 
Table 1. Calculated composition of deep liquid based on selected samples at the indicated aquifer temperatures (mg/kg). 
Well Tref (°C) pH B SiO2 Al Na K Mg Ca Fe F Cl SO4 TDS CO2 H2S N2 CH4 H2 
B-4 245 7.12 - 449 - 134 18.5 0.008 3.13 0.008 0.55 39.2 44.8 887 199 255 195 12.6 16.5 
B-9 240 7.10 0.65 428 0.65 119 15.8 0.001 2.60 0.001 0.28 37.8 40.7 833 210 224 12.3 7.54 12.4 
B-11 245 7.37 1.32 450 1.23 80.1 13.5 0.009 0,36 0.006 0.55 30.3 15.3 1171 53.3 94.6 0.09 0.01 0.23 
B-12 265 7.64 2.54 544 0.72 113 20.6 0.008 0.54 0.007 0.43 90.4 5.95 1011 64.0 85.6 0.04 0.01 0.19 
B-13 279 7.74 2.18 611 2.29 88.9 17.5 0.002 0.18 0.003 0.74 51.9 8.48 914 55.7 116 5.32 0.09 2.67 
B-14 283 7.68 0.81 626 1.23 194 40.0 0.003 0.93 0.007 0.83 210 15.7 1299 17.8 163 0.77 0.05 0.39 
B-15 250 7.12 0.68 358 1.15 136 14.8 0.001 1.09 0.003 1.18 42.9 22.8 735 84.7 210 1.32 0.41 1.23 
 
In addition to monitoring the fluid chemistry from the boreholes in Bjarnarflag, an extensive monitoring 
programme for groundwater in the area has been active for a number of years. The main purpose has been 
to monitor possible influences of geothermal effluent water from the Krafla power station and the small 
Bjarnarflag power station on the local groundwater. The program and results have been thoroughly 
described in a paper by Ármannson 2005 [6]. The main results of the programme are that although 200 
million tonnes of effluent water have entered the groundwater in the Mývatn area, no signs of chemical 
“pollution” have been observed. 
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Figure 1. Location of boreholes in Bjarnarflag and paths of 
directionally drilled boreholes. Hydrothermal activity is shown 
in red and hydrothermal alteration in yellow and pink. 
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Figure 3. The stable isotopes of deuterium and oxygen for 
several wells. Isotopic ratio of water phase to the right and 
steam (condensate) to the left with connecting tie lines.  
 
   
 






Figure 4. The saturation state of calcite in fluids calculated at 
reservoir temperatures (Tqz) and with subsequent boiling to 
100°C. 
3. Chemistry of fluid at 10 bar-g 
The operating pressure of a new 45 MWe power plant to be built in Bjarnarflag will be 10 bar-g. In 
order to study the fluid properties at those conditions the fluid concentration was calculated from the deep 
fluid with the WATCH programme [7,8]. The results for representative samples from wells, B-4, 9, 11, 
12, 13, 14 and 15 are shown in Table 2. The calculations demonstrate that the mineral and the gas 
contents are low and the fluid is well suited for power production. The main scaling products in 
geothermal utilization in Iceland have been calcite, iron sulphides and different silica compounds. The 
scaling potential of calcite for the well fluid in Bjarnarflag has been calculated and is shown in Fig. 4. The 
fluid is slightly supersaturated with respect to calcite at reservoir temperatures but the formation of calcite 
scaling is unlikely. The calculations also show that the concentration of heavy metals in the geothermal 
effluent water is low as has been demonstrated in the monitoring programme for groundwater in the area 
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[6]. The gas in the Námafjall area has a relatively high H2S concentration compared to high temperature 
systems in Iceland. This is of concern for the environment and the people living in a neighbouring village 
and at present Landsvirkjun is working on solutions to reduce the concentration of H2S emitted to the 
atmosphere.  
Table 2. Calculated composition of fluid at 10 bar-g (184°C) from selected samples (mg/kg). 
Well pH B SiO2 Al Na K Mg Ca Fe F Cl SO4 TDS CO2 H2S N2 CH4 H2 
B-4 7.97 - 522 - 155 21.5 0.009 3.64 0.01 0.63 45.5 52.1 1032 1258 998 80.8 89.6 117 
B-9 7.95 0.74 490 0.75 137 18.1 0.001 2.98 0.002 0.32 43.4 46.7 956 1437 927 96.0 58.7 96.3 
B-11 7.56 1.54 524 1.43 93.4 15.7 0.01 0.42 0.007 0.64 35.3 17.8 1364 3443 1296 61.4 4.63 111 
B-12 7.74 3.13 671 0.88 139 25.4 0.01 0.66 0.008 0.52 112 7.34 1247 2734 770 14.0 1.41 57.9 
B-13 8.05 2.82 788 2.95 115 22.6 0.003 0.23 0.004 0.95 66.9 11.0 1179 229 334 23.6 0.38 11.9 
B-14 7.76 1.05 818 1.61 253 52.3 0.004 1.21 0.009 1.08 274 20.6 1697 538 1260 155 7.79 64.2 
B-15 7.62 0.80 423 1.36 160 17.5 0.001 1.29 0.003 1.39 50.6 26.9 868 2336 1839 266 60.4 185 
 
4. Concluding remarks 
The production wells in Bjarnarflag have an enthalpy ranging from 1500 to 2400 kJ/kg and the fluid is 
dilute and of the Na-Cl type with low gas content. The fluid is slightly saturated with calcite at reservoir 
temperatures, but the formation of calcite scaling is unlikely in wells or power plant. 
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